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Background/purpose: Low muscle mass and anemia are important health problems. According to pre-
vious research, there may be an association between low muscle mass and anemia. However, the rela-
tionship between low muscle mass and anemia in the elderly is not fully understood. The purpose of the
current study was to evaluate the relationship between low muscle mass and anemia in Korean men, 
65 years of age.
Methods: The present study included 1464 men aged  65 years from the Korea National Health and
Nutrition Examination Survey (2008e2011). A whole body dual energy X-ray absorptiometry (DXA) scan
was performed on all participants. Low muscle mass is deﬁned as having an appendicular skeletal mass
divided by the height squared (kg/m2), and more than two standard deviations less than the gender-
speciﬁc mean value of the young reference group. Anemia is deﬁned as hemoglobin levels under 13 g/dL.
Results: The mean age of the participants was 71.66 years. In our study, the cut-off value of low muscle
mass, according to the deﬁnition, was 6.07 kg/m2. The prevalence of low muscle mass in Korean elderly
men was 8.3%. The prevalence of anemia was 9.6% in the normal group and 27.3% in the low muscle mass
group (p < 0.001). After adjusting for age, body mass index, chronic disease status, energy intake, iron
intake and lifestyle factors, the odds ratio for low muscle mass was 2.83 (95% conﬁdence interval ¼ 1.41
e5.66).
Conclusion: The results of this study suggest that low muscle mass, determined through DXA, is related
to anemia in Korean elderly men aged  65 years.
Copyright © 2015, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC.  Open access under CC BY-NC-ND license.1. Introduction
The term “sarcopenia” was introduced by Irwin Rosenberg in
1989. It refers to the loss of muscle mass (especially skeletal mus-
cle) and the decrease in muscle strength in the process of aging.1
Sarcopenia is a common age-related change in the elderly. Ac-
cording to the New Mexico Elder Health Survey (NMEHS), 50% of
men in NewMexico, 80 years of age, have sarcopenia.2 According
to various studies, the prevalence of sarcopenia in Korea ranges
from 6.3% to 30.3%.3e7 A decrease in muscle mass and an increase inicine, Jeju National University
of Korea.
).
linical Gerontology & Geriatrics. Pfat mass might lead to decreased physical activity and energy
expenditure, causing insulin resistance, inﬂammation, and hor-
monal changes.8,9 Ultimately, low muscle mass is related to meta-
bolic diseases, chronic diseases, and mortality.10
Anemia is a major health concern in the elderly. It is known to
cause decreased physical performance, decreased strength,
increasing disability, and is ultimately associated with increased
mortality.11e13 There are three major causes of anemia in the
elderly. These include nutritional insufﬁciency and blood loss,
inﬂammation and chronic illness, and other unexplained reasons.
Polypharmacy, alcohol use, and a decrease in sex hormones are also
contributors to anemia.13e16
According to a recent study, anemia has been correlated with
muscular strength,17 while low muscle mass may perhaps be
related to anemia in the elderly. However, no study has employedublished by Elsevier Taiwan LLC.Open access under CC BY-NC-ND license.
Table 1
Anthropometric characteristics of the elderly group and young reference group.
Elderly group
(N ¼ 1464)
Reference group
(N ¼ 2385)
p
Age (y) 71.66 ± 4.95 30.73 ± 5.87 <0.001
Height (cm) 164.93 ± 5.70 173.58 ± 5.73 0.819
Weight (kg) 63.32 ± 9.30 72.08 ± 11.23 <0.001
Waist circumference (cm) 84.90 ± 8.85 82.31 ± 9.30 0.073
Body mass index (kg/m2) 23.23 ± 2.86 23.90 ± 3.37 <0.001
ASM (kg) 19.59 ± 2.74 23.77 ± 3.24 <0.001
ASM/height 2 (kg/m2) 7.18 ± 0.81 7.87 ± 0.91 <0.001
Data are presented as mean ± standard error and are calculated by complex sample
general linear model (CSGLM).
ASM ¼ appendicular skeletal muscle mass.
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nosis of low muscle mass. Many tools, such as DXA, computed to-
mography (CT), and magnetic resonance imaging (MRI), can be
used to measure body composition. CT andMRI have been regarded
as the gold standards, but these methods are associated with high
costs, and CT involves high levels of radiation exposure on study
participants. Currently, DXA has been widely-used in the mea-
surement of muscle mass because it produces highly reliable re-
sults, has no radiation exposure effects, is inexpensive, and does not
require a long period of time for measurement.11 The goal of this
study, using DXA as a diagnostic tool, was to investigate the rela-
tionship between lowmusclemass and anemia in Koreanmen aged
 65 years.
2. Methods
2.1. Participants
The current study was based on the data from the Korean Na-
tional Health and Nutrition Examination Survey (KNHANES), which
was conducted by the Korea Centers for Disease Control and Pre-
vention. Household units were selected by stratiﬁed andmultistage
sampling design, based on sex, age, and geographic area, using
household registries. KNHANES data represents the health status of
the entire Korean population, and the survey has been conducted
since 1998. The present study obtained KNHANES data from 2008
to 2011.
People were included in the study if they were men aged  65
years. Individuals with chronic diseases, such as chronic liver dis-
ease or chronic kidney disease, were excluded. Those who had any
malignancies or anemia, as well as those who did not receive a DXA
scan, were also excluded. After exclusions, a total of 1464 in-
dividuals were included in ﬁnal analysis.
The study was approved by the Institutional Review Board of
Jeju National University Hospital, Jeju, Republic of Korea (IRB No.
JEJUNUH 2014-10-001). Informed consent did not need to be ob-
tained because data from KNHANES was used.
2.2. Measurements
KNHANES contains a self-reported health behavior question-
naire that included questions on smoking status, alcohol con-
sumption, and exercise; in addition, nutritional surveys and health
examinations were included. A 24-hour recall method was used for
the calculation of dietary variables. Total daily intake of energy,
iron, and calcium was measured by the foods consumed. Height
and weight were measured, and DXA scans were performed to
measure the body composition using a fan-beam densitometer
(Hologic, Inc., Bedford, MA, USA). All blood samples were obtained
after 12 hours of fasting. Hemoglobin levels were analyzed using
the SLS hemoglobin method (XE-2100D; Sysmex Corp., Japan).
2.3. Deﬁnition of low muscle mass
Appendicular skeletal muscle mass (ASM) was deﬁned as the
sum of muscle mass in the upper and lower limbs. In this study,
according to the method of Baumgartner et al,2 low muscle mass
was deﬁned as having values of ASM divided by the height squared
(kg/m2) of more than two standard deviations (SDs) below the
mean value of the gender-speciﬁc young reference group. Healthy
men aged 20e39 years were used for the acquisition of the gender-
speciﬁc mean and SD. Individuals were excluded from the reference
group if they had a history of stroke, coronary artery disease, any
malignancies, diabetes, hypertension, dyslipidemia, liver cirrhosis,
chronic kidney disease, thyroid disease, or tuberculosis. Afterexclusions, a total of 2385 individuals were used in the young men
reference group.
2.4. Deﬁnition of anemia
Anemia has been deﬁned by the World Health Organization
(WHO) as hemoglobin levels of < 13 g/dL in men.18 However, the
deﬁnition of anemia in the elderly remains controversial, and it
may be better deﬁned on the basis of a hemoglobin range, which is
associated with the best possible health outcome. Nevertheless, the
Scrippes-Kaiser database,19 which studied residents in California,
determined another cut-off value which did not differ largely from
that of WHO. Therefore, anemia was determined herein by
continuous hemoglobin level and dichotomous anemia indicator,
deﬁned by the WHO criteria.
2.5. Statistical analysis
We applied weighted values to represent the whole Korean
population. In the present study, the mean, estimated proportion,
and the standard errors were calculated. Complex sample logistic
regression analysis was used to evaluate the relationship between
low muscle mass and anemia. All statistical analyses were con-
ducted with SPSS software version 18.0 (SPSS Inc., Chicago, IL, USA).
Results were considered statistically signiﬁcant when p < 0.05.
3. Results
3.1. Baseline characteristics of participants
The present study included 2385 men aged 20e39 years, and
1464 men aged 65 years, who completed the health examination
and underwent DXA. Baseline characteristics, including anthropo-
metric variables of the young men reference group and the elderly
group, are summarized in Table 1. The mean age of the elderly
group was 71.66 years.
3.2. Cutoff values for low muscle mass in the young men reference
group
The mean value for the height-adjusted ASM was 7.87 kg/m2 in
the young men reference group. According to the deﬁnition (> 2
SD), the cutoff value for low muscle mass in men was 6.07 kg/m2.
3.3. Prevalence of low muscle mass and factors associated with low
muscle mass in elderly Korean men
Demographic characteristics and laboratory data of the study
population, according to themusclemass status, are summarized in
J.-H. Moon et al. / Journal of Clinical Gerontology & Geriatrics 6 (2015) 115e119 117Table 2. Overall prevalence of low muscle mass was 8.3% (N ¼ 121)
in Korean elderly men, based on height-adjusted ASM. The low
muscle mass group was signiﬁcantly older with a lower BMI than
that of the normal group (p < 0.001). In addition, the low muscle
mass group included a larger number of current smokers
(p ¼ 0.030), while the normal group showed higher prevalence of
alcohol consumption (p¼ 0.070). The prevalence of chronic disease,
such as hypertension and diabetes, did not differ signiﬁcantly be-
tween the two groups. Hemoglobin level in the normal group was
14.57 g/dL, while that of the low muscle mass group was 13.92
(p < 0.001). The prevalence of anemia was 27.3% and 9.6%
(p < 0.001) in the lowmuscle mass and normal groups, respectively.
3.4. Prevalence of anemia according to the muscle mass status
classiﬁed by age group
The prevalence of anemia in the normal muscle mass group and
the low muscle mass group of those 65e69 years of age were 6.4%
and 29.5%, respectively (p < 0.001). In men who were 70e79 years
of age, 11.1% of the normal group was anemic, compared to 26.8% ofTable 2
Demographic characteristics and laboratory data according to muscle mass status.
Normal group (N ¼ 1343)
Age (y) 71.41 ± 0.15
65e69 42.8 (1.5)
70e79 49.6 (1.1)
80e 7.6 (0.9)
Body mass index (kg/m2) 23.60 ± 0.10
ASM/height 2 (kg/m2) 7.32 ± 0.02
Hemoglobin (g/dL) 14.57 ± 0.04
Hematocrit (%) 43.08 ± 0.11
Ferritin (ng/mL) 126.92 ± 6.00
Anemia (%)a 9.6 (1.0)
Hypertension (%) 43.2 (1.6)
Diabetes (%) 14.8 (1.0)
Smoking
Never 15.6 (1.1)
Former 29.3 (1.6)
Current 55.1 (1.6)
Alcohol
None 29.9 (1.5)
Once/mo or less frequent 15.3 (1.2)
Once/wk or less frequent 15.4 (1.2)
Almost everyday 39.4 (1.7)
Exercise
None 76.4 (1.6)
< 3 times a wk 11.3 (1.1)
 3 times a wk 12.2 (1.2)
Energy intake (Kcal/d)
 2000 38.2 (1.7)
< 2000 61.8 (1.7)
Iron intake (mg/d)
 9 66.8 (1.7)
< 9 33.2 (1.7)
Education (y)
 6 50.0 (1.9)
7e9 18.7 (1.3)
10e12 19.1 (1.3)
 13 12.2 (1.2)
Income
Low 48.1 (1.7)
Low-moderate 27.3 (1.4)
Moderate-high 14.6 (1.2)
High 10.0 (1.0)
Marital status
Single 99.2 (0.3)
Married 0.9 (0.1)
Data are expressed as mean ± standard error, estimated % (standard error). Data are calcu
regression analysis (CSLRA).
ASM ¼ appendicular skeletal muscle mass.
a Anemia was deﬁned as hemoglobin levels < 13 g/dL.the low muscle mass group (p ¼ 0.002). The prevalence of anemia
in those over the age of 80 years were 18.1% and 25.5%, respectively
(p ¼ 0.465). The lowmuscle mass group had a higher prevalence of
anemia, when classiﬁed by age groups (Fig. 1).
3.5. Association between low muscle mass and anemia
To determine the independent association between low muscle
mass and anemia, complex sample logistic regression analysis was
performed, and the results are shown in Table 3. After adjusting for
age and BMI, the odds ratio of lowmuscle mass inmenwith anemia
was 2.73 [95% conﬁdence interval (C.I.) 1.52e4.88] in Model 2. After
adjusting further for chronic disease status, energy intake, iron
intake, smoking status, alcohol consumption, and frequency of
exercise, as seen in Model 3, the association between low muscle
mass and anemia was enhanced [odds ratio (OR) ¼ 2.83, 95% C.I.
1.41e5.66]. The correlation between low muscle mass and anemia
remained even after further adjustment for education level,
monthly income, and marital status, as seen in Model 4 (OR ¼ 2.81,
95% C.I. 1.39e5.71).Low muscle mass group (N ¼ 121) p
74.2 ± 0.56 <0.001
27.2 (4.6) <0.001
54.4 (5.6)
18.3 (4.2)
19.19 ± 0.23 <0.001
5.74 ± 0.03 <0.001
13.92 ± 0.16 <0.001
41.71 ± 0.44 0.003
143.67 ± 19.20 0.412
27.3 (4.7) <0.001
38.1 (5.9) 0.295
21.9 (4.1) 0.099
0.030
9.5 (2.6)
22.0 (4.4)
68.6 (5.0)
0.070
43.3 (5.6)
15.3 (4.2)
9.4 (3.1)
32.0 (5.0)
0.179
84.6 (3.6)
7.7 (2.8)
7.7 (2.6)
0.097
29.2 (4.9)
70.8 (4.9)
0.245
60.2 (5.8)
39.8 (5.8)
0.257
59.3 (5.1)
17.7 (4.1)
16.0 (4.1)
6.9 (2.2)
0.082
61.8 (4.7)
21.4 (4.3)
10.4 (3.1)
6.4 (2.4)
0.693
100 (0.0)
0 (0.0)
lated by complex sample general linear model (CSGLM) and complex sample logistic
Fig. 1. Prevalence of anemia in normal muscle mass or low muscle mass group by age,
calculated by complex sample logistic regression analysis (CSLRA).
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Our study revealed that the prevalence of low muscle mass in
Korean men aged  65 years was 8.3%. The results also demon-
strated that anemia was independently associated with lowmuscle
mass, based on the nationally representative data from the
KNHANES. In Korean studies, the reported prevalence of low
muscle mass in elderly men ranged from 3.7% to 35.3%, which was
calculated using various methods.3e7 The results obtained herein
may provide a more accurate representation since the data ob-
tained was from KNHANES. This sample represents the Korean
population, with strict quality controls. All data on muscle mass,
acquired via DXA, were examined as long as the samples did not
meet the exclusion criteria.
To our knowledge, this is the ﬁrst study investigating the rele-
vance of low muscle mass, using DXA, and anemia. The results
obtained herein, that low muscle mass was related to anemia,
correspond well with an earlier study. A previous Italian study
employing peripheral quantitative computed tomography (pQCT)
scans, in order to examine the total muscular and fat in cross-
sectional areas of the calf, revealed higher muscle density, higher
muscle area/total rare ratio, and lower fat area/total area ratio to be
associated with higher levels of hemoglobin.13
When classiﬁed by age groups, the low muscle mass group
displayed a higher prevalence of anemia. Although men with low
muscle mass over the age of 80 years had a higher tendency to-
wards anemia, this difference was not statistically signiﬁcant. InTable 3
Complex sample logistic regression analysis for association between low muscle
mass and anemia.
Without anemia Anemia
Unadjusted 1 3.53 (2.07e6.01)
Model 1a 1 3.02 (1.70e5.34)
Model 2b 1 2.73 (1.52e4.88)
Model 3c 1 2.83 (1.41e5.66)
Model 4d 1 2.81 (1.39e5.71)
Data are presented as prevalence odds ratio (95% conﬁdential interval) and are
calculated by complex sample logistic regression analysis (CSLRA).
a Model 1: Adjusted for age.
b Model 2: Adjusted for age and body mass index.
c Model 3: Adjusted for age, body mass index, chronic disease status, energy
intake, iron intake, smoking status, alcohol consumption and frequency of exercise.
d Model 4: Adjusted for age, body mass index, chronic disease status, energy
intake, iron intake, smoking status, alcohol consumption, frequency of exercise,
education level, income, and marital status.those aged > 80 years, more comorbidity can be expected. Many
other causes, such as nutritional deﬁciency, polypharmacy, and a
decrease in sex steroids, were more common in the > 80 years of
age group than in other age groups.20e22 In the group of men > 80
years of age, low muscle mass and complex causes were all related
to anemia.
Interestingly, in our study population, thosewith normalmuscle
mass had a higher prevalence rate of alcohol consumption, and
higher levels of hemoglobin, but lower levels of ferritin than the
low muscle mass group. It is easy for chronic alcoholics to suffer
from myopathy, such as atrophy or decreased strength of the
muscles, referred to as alcoholic myopathy. This is due to the toxic
effects of alcohol, secondary changes from the alcoholic peripheral
neuropathy, depletion of nutrition and the lack of exercise.23 In the
present study, the levels of ferritin in the normal and low muscle
mass groups were within the normal limits, and the difference
regarding the prevalence of alcohol consumption and the ferritin
level was not statistically meaningful. These phenomena may be
due to the lack of evaluation of other elements, such as vitamin B12,
which is a key component of anemia occurrence, and may be
deﬁcient in chronic alcoholics. Furthermore, not only is the fre-
quency of alcohol consumption important, but also the amount and
duration of consumption, as well as other nutritional status factors
are important in the development of alcoholic myopathy.
The present study has several limitations. Firstly, it was a cross-
sectional study. Thus, we could not conclude on a cause-and-effect
relationship between low muscle mass and anemia. Secondly, a
recent deﬁnition of sarcopenia includes not only loss of muscle
mass, but also a decrease in muscle strength and physical perfor-
mance;24,25 however, in our study only muscle mass was evaluated.
Thirdly, in this study, we could not evaluate the effects of the
biochemical indices inﬂuencing low muscle mass and anemia. For
example, reduced testosterone causes decreased muscle mass, but
enhances fat mass.26,27 In addition, it has been shown that andro-
genic steroids are related to increased serum hemoglobin
levels.28,29 Decrease in muscle mass and increase in adipocyte tis-
sue have been reported to cause elevated cytokines and inﬂam-
matory protein production, including interleukin-6 and C-reactive
protein (CRP). Chronic low dose inﬂammatory state has been re-
ported to be related to anemia.30,31 Decrease in muscle mass could
lead to a change in red blood cell mass through changes in the
erythropoietin production. As a result, the oxygen utilization sys-
tem may be affected, resulting in anemia.13,15 Finally, vitamin B12
and folic acid are important components of anemia. However, the
effects of such elements on anemia and subtypes of anemia could
not be evaluated in this study; therefore, further studies are needed
to overcome the limitations of the present study.
In conclusion, 8.3% of Korean men aged  65 years had low
muscle mass in the present study. Anemia was found to be inde-
pendently associated with lowmuscle mass in Korean elderly men.
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